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INTRODUCTION
In handling and storing irradiated component parts of the reactor, such as plugs, removable assemblies, and structural members, problems arise that require a thorough knowledge of the radioactivity induced in the materials involved. An indication as to the elements present in a material, • either as alloys or impurities, responsible for the activity, and the type of radiation emitted by the activity is necessary if an efficient design of shielding and storing facilities is to result.
,* The purpose of this report is to provide gamma activity data for design information of some commercial materials that may be used in the Materials Testing Reactor. A summation of the activitiesof the ihore * significant elements present in each material is made on a log-log plot. The plots serve to indicate the contribution of the "impurities" to the total, ' activity of a material at a particula r time of decay.
METHOD OF CALCULATION t
The calculations, wherever possible, were compared with experimental data and were found to be in good agreement, the errors ranging 88 2 00 9-I.,p well within a factor 6f ten. Errors will be analyzed in the discussion for the various materials.
The accuracy of the calculations is mainly dependent upon two factors: (1) the qualitative and quantitative analysis of the impur ities present in the material; (2) the analysis of the reactions and radiation emitted.
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The degree of accuracy required in determining the "impurities and their amounts present is largely dependent upon the neutron flux in which the material is to be irradiated. Iinpur ities present in micrograms #.
per gram of material come into effect appreciably when irradiated in a high flux pile. If the quantitative analysis of an impur ity, which is one of. many major contributors to the total induced activity, is in error, the corresponding error in the total intensity is of a lower magnitude.
The spectrochemical analyses were obtained from manufacturers, project literature, and other laboratories. In cases where the information was not available or believed to be inadequate, samples were procured and analyzed by the Metallurgical Division of ANL. In analyzing the reactions v and radiations emitted, the energies of radiation and patterns of decay were obtained from the " period of irradiation in which we are interested (one year) the production of isotope A was neglected.
< .
A simple method of treating the radiation emitted by isotope B would be to consider an emission of two 1.2-mev gammas. Due to the varied ranges of energy emitted and patterns of decay throughout the elements under consideration a consistent system of analysis is desirable. Thus isotope B was treated as two separate isotopes, one emitting a 1.3-mev gamma and the other a 1.1-nnev garnrna.
In the case of manganese 56 the energies of the photons varied in a wide range and the decay pattern is of a cascading and parallel form (see diagram below). The isotope was treated as three separate isotopes, one emitting 100% of 0.845 mev, another emitting 25% of 1.81 mev, and the third emitting 15% of 2.13 mev.
The decay patterns and intensities of some isotopes were more complex and difficult to investigate. In such cases a decay scheme was assumed in such a way as to introduce the least error.
The neutron capture cross sections for most elements are known with an accuracy within a range of from-:t 4% to + 60 or .+ 70%. Thus an error in cross section by, say, 100% will vary the resultant activity of the isotope by a factor of 2. This is well within the accuracy of a spectrochemical analysis which may vary one hundred-fold for some elements in In general for a short period of irradiation, isotopes with a short half life will dominate the activity. For a long period of irradiation the degree of activity will increase due to long half-life isotopes and the total effect of the resultant curve is a decrease in the rate of decay. In high neutron fluxes there is a possibility that the products are further converted into isotopes that have a very high neutron capture cross section. Neutron reactions of several orders usually prevail among the heavier isotopes. The contribution to the total activity of second order reactions is found however to be negligible. The second order reaction for 882 00$ The rate of production of Eu is then
The expression ( X154 0 c5154) includes the burning out of the isotope and may be referred to as the effective decay constant represented by the sy mb ol X 15 4, by a factor of <v 10-9.
In converting from activity to equivalent biological effect, the ge- It is interesting to note that the intensity and decay of the two lots of powdered beryllium for the first 1,000 hours are approximately the same although they contain only three common impurities, Mn56, Zn65, and Fe59. The combination of Na24, Cr51, and Agilo seems to simulate that portion of the intensity in lots 3 and 4 due to C060 and Cu64. 
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higher induced activity than the hot pressed beryllium. Some impurities are common in all three specimens.
In shielding design the coolingperiod as well as the grade of material becomes a factor to consider, e.g. the thickness of shield required for the extruded beryllium after 1,000 hours of cooling is approximately two halfvalue layers greater than that for the powdered beryllium; whereas the var--iation in shield thickness i:s relatively negligible after a day of cooling.
The only data available at present on the activity of beryllium is that of Metcalf as reported in Shielding Calculations (AMW CL-2-080447). A 1.9 gm sample of beryllium was irradiated in a slow neutron flux of 9 x 1012 for a period of 23 days. The intensity measured at 15.3 cm after 8 days of cooling was 1.6 mr/hour. The analysis and grade of beryllium used were not given; however, upon inquiry it was found that the sample was an extruded grade of beryllium approximating the analysis upon which the calculations were based. Assuming that a 1.9-cm specimen acts as a point source at a distance of 15. 2. Aluminum (Figures 5, 6, 7, 8) The analyses of the three grades of aluminum were obtained from the Aluminum Company of America by the Metallurgical Division.
The manganese content in the 2S aluminum is twice that of the 3A grade and after one hour cooling the activity of 2S is greater by a factor of 2 than that of the 3A grade. This factor is gradually reduced within the next two hours. The activity thereafter is approximately the same for the two grades. Gallium, sodium, and zinc are present in the two grades in equal amounts. Hoopes refined aluminum is free of gallium and zinc, and the manganese content is much lower than the 2S and 3A grade. The resulting activity is therefore much lower.
A sample of 2S aluminum was exposed 71 days in a neutron flux of -1012 neutrons per cry:lz sec.,and measurements were taken at a distance of one foot for a period of 70 days. Calculated and experimental results are compared in the following The computations are in good agreement with the xperimental data.
Thus the 4-hour to 20-hour decay period values vary as much as by a factor of 4. The spectrochemical analysis of the sample used was not available. Speculatively, probably the gallium or sodium content was not as high as that upon which the calculations were made.
3. Magnesium (Figures 9, 10, 11, 12) The Domal High Purity Magnesium is a product of the Dominion Magnesium Limited of Canada. The high pur ity magnesium is the result of essentially a distillation process carried out under a vacuum; the vapor is condensed directly to a solid under controlled conditions. The total iron, copper and nickel content is guaranteed not to exceed 0.005 per cent.
The remaining two grades are Dowmetal products. The magnesium desighated 58135 is an Oak Ridge specification. The 58135 magnesium : appears to be a highly purified form of the FS#1 grade. If the zinc, cobalt, and sodium content were further reduced, then its activity would approach that of the Domal -approximately in the same order of magnitude.
The analyses were obtained from the manufacturers. Experimental data on the activity of magnesium is not available. (Figures 13, 14, 15) The analyses of AGOT K III and KC-GBF grades of graphite were Obtained from L. Fuchs and J. R. Gilbreath. The two analyses did not specify the content of rare earth elements which were found to be present in the unpur ified graphite (Report HW-12780 
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.E Na24 (28) s 7& add considerably to the activity. In view of this, an assumed 0.2 ppm of europium was included in the analysis of the AGOT K III (unpurified) grade of graphite. The report further stated that the ·concentration of europium and samarium in the best quality pur ified graphite was reduced a 100-fold.
I.
Experiments are being conducted at Oak Ridge National Laboratory to determine the gamma activity induced in CS and GBF graphite. The pro-..
gram calls for samples to be irradiated for periods of two weeks, four weeks, two months, and four months. Gamma activity data have been accumulated for the two-and four-week radiation tests, and the decay has been followed for 900 hours. These data are included in ORNL-529. The periods of irradiation thus far investigated are short. Long half-life elements such as europium and cobalt (-5.3 years) are not sufficiently activated to influence the total activity of the graphite. A one-year irradiation will yield .12% of saturation, and this amount greatly influences the activity of the CS graphite.
The experiknents indicated elements present in the CS and GBF graphite having 15-hour, 33-hour, 50-day, and >100-day half liges. 
CONCLUSION
The results presented in this study mainly serve to emphasize the degree of pile-induced gamma activity contributed by the impur ities in several materials and the reduction in activity that may be obtained if certain impurities were decreased or completely eliminated. The infor-..mation may be used as a preliminary basis for metallurgical specifications. .. A.
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